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摘 要
黑洞吸积理论一直是高能天体物理中的一个重要过程。现在理论上还无法
确定态转变过程中的具体吸积模式，基于一些观测现象已有一些工作表明可能
在态转变的过程中吸积流是非均匀的（两相吸积流）。本文基于唯象的非均匀
盘模型（1）用蒙特卡罗方法计算了连续谱，（2）用ray-tracing方法计算了相对
论铁线。以此探讨是否可以从观测上的光谱特征（多色黑体谱与相对论铁线的
轮廓）来验证这种非均匀盘的存在。
在第一章中，本文介绍了基本的物理背景：（1）吸积物理，（2）辐射理
论，（3）黑洞X射线双星中的态，以及（4）非均匀盘模型的简单介绍。
在第二章中，我们讨论了非均匀盘的连续谱。计算方法是蒙特卡洛法。主
要的结论是在非均匀盘模型下，多色黑体谱中端的4/3斜率（F中的斜率）会
出现下凹，这或许给我们提供了一种检验非均匀盘模型的方法。但更为严格的
考虑（能量平衡，软X射线超出等等）可能使这种下凹的特征被其他成分所掩
盖，且下凹特征所在的波段是星际气体吸收严重的波段。所以下一步的工作需
要更为严格的模型来将这些因素考虑进来。除此之外，我们的计算结果发现对
于态转变过程中如果内区有足够大的冷盘，那么这时候PL成分的谱指数与盘的
光度之间会有一个相对容易的关系，这个关系可能可以作为区分态转变吸积模
式的一个工具。
在第三章，我们讨论了非均匀盘的相对论铁线。计算是基于ray-tracing方
法。主要的结论是当发射率指数不是很大时，非均匀盘的相对论铁线会出现多
峰轮廓，这是连续盘所不能给出的。即使考虑了热多普勒效应，多峰轮廓特征
还是可能被区分出来（不管是对黑洞X射线双星还是活动星系核）。所以相对
论铁线的多峰轮廓可以用来作为非均匀盘存在的探针。除此之外，我们的结果
还暗示了在中等倾角的吸积系统中，用连续盘的相对论铁线来拟合非均匀盘可
能会出现低估倾角的情况。作为第一步，我们把非均匀盘简化成中性的环形吸
积盘。进一步工作需要考虑更为严格的模型（螺旋形，电离的等等）。
最后，我们简要地展望了接下来的研究计划。
关键词：黑洞；吸积盘
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Abstract
Black hole accretion is a crucial process in high energy astrophysics. The accretion
mode of the states transition of black hole X-ray binaries is still not well understood yet.
Based on the observational phenomena and theoretic calculation, the inhomogeneous
accretion flow was proposed by some authors to explain the properties of black hole
X-ray binaries. In this dissertation, based on the phenomenological model of the in-
homogeneous accretion flow, the continuum and relativistic Fe K line are calculated.
And we use the results to explore whether the existence of inhomogeneous accretion
flow can be convinced observationally by using the feature of thermal component and
relativistic Fe K line.
In Section 1, we will make an abbreviated introduction about the basic physical
mechanism, such as, accretion theory, radiation theory, the states of black hole X-ray
binaries and inhomogeneous accretion flow.
In Section 2, we discuss the continuum of the inhomogeneous accretion flow,
which is calculated by using Monte Carlo method. Our results show that there is a
warp in the middle part of the thermal component, which is a power-law with its slop
being 4/3 if the cold disc is standard thin disc. This feature give us a possible method
to test the inhomogeneous accretion flow model. Unfortunately, the warp feature is in
the energy band where other components may have a prominent affection, e.g., soft
X-ray excess, and the significant absorption due to interstellar medium. Therefore,
more works are needed to be done to explore, after these factors are taken into account,
whether the warp feature is still able to give us the clues about the inhomogeneous ac-
cretion flow. Except for the warp feature, our results also indicate that, in the case that
a large enough cold clump exists in the innermost region of the accretion system, the
relationship between the spectral index   and the luminosity of the thermal component
Ldisc could be rather simple, which enables us to constrain the accretion mode of the
states transition.
In Section 3, we discuss the relativistic Fe K line of the inhomogeneous accretion
flow, which is calculated by using ray-tracing technique. Our results show that the
profiles of relativistic Fe K line show multi-peak structure when the emissivity index
is smaller than a critical value. Even if the thermal Doppler effect is taken into account,
the multi-peak structure could be still detectable. Therefore, the profile of relativistic Fe
K line, in principle, could be used as the indicator of inhomogeneous accretion flow.
Moreover, our results also indicate that, when the accretion system have a medium
inclination, the inclination angle is possible to be underestimated when we use the
relativistic Fe K line of continuous disc to estimate the inhomogeneous accretion flow.
As first step, we simplify the inhomogeneous accretion flow as a series of neutral rings.
Further works should be done to explore the realistic and ionized accretion flow.
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